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REMTECH TECHNICAL NOTE

TITLE: PRELIMINARY BASE HEATING ENVIRONMENTS FOR
A GENERALIZED ALS LO:/LH, LAUNCH VEHICLE

AUTHOR: Robert L. Bender and John E. Reardon

DATE: October 19, 1989

CONTRACT: NAS8-39141

PREPARED FOR: NASA/MSFC Induced Environment Branch ED-33

Introduction

A secondary objective of contract NAS8-38141 is for REMTECH to provide
base heating assessments, as required, to support Advanced Launch System (ALS)
preliminary launch vehicle and propulsion system design studies. The ALS propul-
sion systems integration working group meeting (No. 3) recently completed in San
Diego, California, focused attention on the need for base heating environment de-
termination to provide preliminary requirements for LO3/LH; propulsion systems

- currently being considered for ALS. REMTECH was requested to provide these

environments for a range of possible propellant mixture and nozzle area ratios.

Base heating environments can only be determined as a function of altitude
when the engine operating conditions and vehicle base region geometry (engine
arrangement) are known. If time dependent environments are needed to assess
thermal loads, a trajectory must also be provided. These parameters are not fixed
at this time since the ALS configurations and propulsion operating conditions are
varied and continue to be studied by Phase B contractors. Therefore, for this
study, a generalized LO2/LH; system was selected by REMTECH along with a
vehicle configuration consisting of a seven engine-booster and a three-engine core.
MSFC provided guidance for the selection.

REMTECH also selected a limited number of body points on the booster and
core vehicles and engines for the environment estimates. Environments at these
locations are representative of maximum heating conditions in the base region
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and are provided as a function of altitude only. Guidelines and assumptions for
this assessment, methodology for determining the environments, and preliminary
results are provided in this technical note. Refinements in the environments will
be provided as the ALS design matures.

Propulsion System

The first step in the analysis was the selection of the propulsion system data
and configuration information germane to base heating.

For the propulsion system, this includes chamber conditions, throat or nozzle
exit area, and length from gimbal point to the nozzle exit. The conditions selected
are:

Propellants: LO2/LH,

Chamber Pressure: 2250 psia

Mixture Ratio: 5.5 and 6.0

Throat Diameter: 12.9 inches

Nozzle Area Ratio: 35, 45, and 60

Length from Gimbal to Nozzle Exit: 150" for A/A, = 35
185” for A/A, = 45
240” for A/A, =60

Propulsion exhaust products and properties at different expansion ratios were

~determined for this system at both mixture ratios by the CEC code, Ref. 1.

Configuration

A mated configuration consisting of a three-engine core vehicle and seven-engine
booster was selected as shown schematically in Fig. 1. Both the booster and core
elements were assumed to be 360 inches in diameter for the main propellant tanks
with the main thrust frame for both elements in the same plane. Both elements
were assumed to have a cylindrical aft skirt attached to the thrust frame, extending
aft approximately 96 inches.

For the booster, the seven engines were arranged as shown in Fig. 2 with six
engines equally spaced around a center engine. Centerline-to-centerline spacing
between engines was approximately 120 inches. The aft skirt extends midway
down the nozzle for the 35/1 area ratio nozzle as depicted in Fig. 2. A flat surface
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heat shield was assumed to connect all seven nozzles in a plane parallel to the
thrust frame and approximately 90 inches aft.

The core vehicle geometry and engine arrangement selected for the study is
shown in Fig. 3. The three engines are arranged in an equilateral triangle configu-
ration on a nozzle centerline circle diameter of approximately 100 inches. Aft skirt
and base heat shield geometry were assumed to be the same as the booster. One
engine of the core vehicle was positioned in closest proximity to the booster such
that the remaining two engines are equal distance from booster as shown in the
lower schematic of Fig. 1.

Assumptions and Study Guidelines

For this study, vehicle forebody geometry and freestream flow effects on the
plumes and base heating environments were ignored since a trajectory was not
provided. Also, the small differences in properties between the 5.5 and 6.0 mixture
ratio did not warrant separate studies; therefore, all computations were based upon
the 6.0 mixture ratio thermodynamic and transport data. In addition, the fowfield
changes and resultant environment shifts due to 9 degree gimbaling on all engines

\_ 4  Wwere assumed to be relatively small and within the conservatism dictated by the
methodology. This simplification produced study results for all engines firing aft
with parallel burn assumed for both the booster and core.

Additional assumptions included all engines firing at full thrust, turbopump

exhaust disposal and burning occurring in the nozzle, and no mass or energy

. additions to the base flow from flow deflectors, vents, etc. in the aft skirt or heat
shield.

Guidelines for the study (provided by MSFC) were to determine environments
at critical base locations at several altitudes from sea level to 100,000 feet. Three
cases were to be investigated. :

Case 1: All booster and core engines had nozzles
with A/A, = 35

Case 2: All booster and core engines had nozzles
with A/A. = 45

Case 3: All booster and core engines had nozzles
with A/A. = 60

In addition, a hybrid case with booster engine at A/A. = 35 and core engines at

7 A/A. = 60 was also of interest. Engine mixture ratio variation was assumed to
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be within the overall accuracy of the study, as mentioned previously, and was not
considered.

Body Point Selection

REMTECH selected seven locations on the booster and nine locations on the
core as points for which environments would be determined. These locations are
shown in Figures 4 and 5 for the booster and core respectively. As much as
possible, the locations were selected where maximum heating to the engine nozzle,
base heat shield, and aft skirt would occur. Obviously, aft facing locations on the
nozzle and aft skirt trailing edge are likely to receive maximum radiation since
they have unobstructed views of several plumes. Maximum convection may also
occur on the nozzle; however, it will be much later in flight; historically at altitudes
around 100,000 feet when peak recircultion occurs. Typical locations of interest
on the base heat shield for convective heating were selected to demonstrate peak
interior heating, vent plane heating, and average exterior (to the engine circle)
heating. Body point notation is a two letter plus numerical designation; the first
letter refers to either booster or core and the second letter refers to nozzle, base
heat shield, or skirt: e.g. - BN2 is the second point on the booster nozzle.

Prediction Methodology

The base heating environment consists of radiative and convective components.
Infrared radiation from the rocket exhaust plumes varies strongly with surface posi-
tion as views of the plumes from the surface and shading by other surfaces change.
In contrast, the convective heating environment, resulting from reversed plume
boundary layer gases, is essentially constant over relatively wide areas. Both heat-
ing modes are basically a function of altitude with flight-time effects also entering
through variations in engine chamber pressure. In this section, the radiative and
convective components prediction methodology will be discussed independently.

Plume Radiation Methodology

The methodology was based on scaling of existing SSME plume property data
where this was suitable. In other cases, extrapolations of these results were made
using simplified plume models to cover the full range of nozzle area ratios and base
configurations considered.



RENMTECH ' RTN 218-01
Errata

Because of the availability of SSME plumes for scaling, the radiation predictions
for the ALS were all made using a mixture ratio (L0z/LHz) of 6.0. This mixture
ratio is expected to produce higher radiation than a mixture ratio of 5.5 because it
produces higher temperatures, pressures (for a given area ratio), and water-vapor
mole fractions. Although the lower mixture ratio has a greater fraction of LH; for
afterburning, this is not expected to offset the greater radiation potential of the
higher mixture ratio.

One-dimensional, equilibrium predictions indicated that the area ratio 60 noz-
zle and the SSME have nearly identical exit pressures, so the shock structure is
expected to be similar. However, because of the lower chamber pressure of the
ALS engines, the plume temperature will be slightly higher when expanded.to any
pressure. Therfore, the SSME plumes at sea level, 20 kft and 40 kft were scaled to
increase temperature by 6 percent and lengths by 10 percent to simulate the area
ratio 60 ALS engine. Variations with altitude used the adjustment functions (2]
normally applied for the Space Shuttle.

Extrapolation to other area ratios were made using idealized inviscid plumes
with the properties from 1-D equilibrium predictions. These were combined with
judgements of afterburning effects based on the scaled SSME plumes for the area
ratio 60 ALS nozzles with the core of the plume removed to emphasize the after-
burning.

Convective Base Heating Methodology

Convective heating from recirculated plume gases is not determined by a rig-

- orous computational procedure or computer code, but relies on judicious scaling

and application of existing flight and model data. For this study, which considered
only LO;/LH2 propulsion systems, the prediction methodology relied heavily on
Saturn I/S-IV stage, Saturn V/S-II stage, and Shuttle Orbiter flight data. Model
data trends for clusters of engines and various chamber conditions were also used
in the analysis.

Data from the LOz/LH; database were arranged to show the effects of chamber
pressure, nozzle area ratio, and base region vent area (nozzle spacing) on maximum
heating. From these trend curves, individual scaling factors were determined to
account for each parameter of the ALS engine performance or base geometry which
differed from a known, measured enironment; in this case, convective heating to
the Shuttle SSME nozzle. Using these factors in series it was possible to -adjust
the Shuttle data to conditions under investigation for the ALS.

Additional corrections to the Shuttle adjusted environment were made from
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generalized trends evident in the global base heating database possessed by REMTECH.

For example, axial variations in heating along the nozzle and radial variations in
heating across the heat shield were available from distribution curves extracted
from the database and normalized to nozzle exit diameter or engine spacing. Ef-
fects of heat shield position and aft skirt length were also determined from the
database trends.

No attempt was made, at this time, to define the plumes at different altitudes
and visually assess plume interactions. Instead, other flight data with a variety of
nozzle spacings were utilized to estimate the onset of recirculation, the altitude of
maximum convective heating, and the altitude of initial choked flow in the base.
These three critical altitudes were determined for both the booster and core engine
spacing at each of the three nozzle sizes under consideration. In general, the onset
of recirculation varied from 40,000 to 80,000 feet depending on the configuration
and nozzle area ratio. Peak convection usually occurred around 100,000 feet and
choked base flow is established above 150,000 feet.

Curves of cold wall convective heating rate were determined as a function of
altitude for each of the booster and core body points by smoothing through the
estimates at the three critical altitudes. A single value of base gas recovery tem-
perature applicable to all base region surfaces was also estimated from correlations
with nozzle exit Reynolds number and previous flight experience. Maximum gas
temperature in either the ‘booster or core base is expected to be about 2900°R or
approximately 45 percent of the chamber temperature.

Results

Radiation and convective base heating environments have been determined
separately and are presented in tabular form as a function of altitude. Separate
environments were determined for the booster and core body point for each of the
three LO2/LH; nozzle area ratios of interest.

The radiation results for the core and booster vehicles are presented in Tables

1 and 2 for the base heat shield CB1/3 and BB1/3, the nozzle lip CN1/2 and

BN1/2, and the skirt around the base CS1/2 and BS1/2. Characteristics of the
ra.dxatlon to each component will be discussed in the following paragraphs.

Experience on the Space Shuttle heat shield has indicated that the higher rates
occur outside the engine circle because of shading by the nozzles in the center of
the cluster. This effect is not expected to be as pronounced on the ALS Core
vehicle analyzed because of the greater relative spacing between engines. As the
engine area ratio is reduced, the base has a better view of the plumes and the
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rates are predicted to increase slightly. For the configuration chosen for analysis,
points viewing the plume from the base aspect are most affected by the plume size
and afterburning rather than the shock structure close to the nozzle. The high
area-ratio nozzles are relatively far from the base and the shock structure will be
be relatively shaded from the base. Radiation for the ALS booster configuration
studied, increases slightly relative to the core vehicle because of the increased
number of plumes and the tighter cluster.

The aft facing nozzle lip (Point N1) is sensitive to all aspects of the plume
radiation since it has a good view of all of the plumes. It will tend to increase as a
function of the temperature and pressure of the adjacent gas at the nozzle exit and
with the reduction in distance to adjacent plumes. In the case of high area-ratio
nozzles, the adjacent gas is relatively cool and low pressure, but the Mach disk
occuring a short distance downstream is an intense radiation source. The results
indicate a reduction with decreasing area ratio because of the weakening of the
Mach disk and an increase in distance to adjacent plumes because of the smaller
exit size. In the case of the ALS booster vehicle, the rates increase slightly because
of the closer engine spacing.

The lateral facing surface at the nozzle lip (point N2) sees only the adjacent
plume and has a better view of the region near the exit than the downstream
afterburning region. As a result it is sensitive to engine spacing and exit conditions.
It is likely to decrease rapidly as shocks weaken with increasing altitude.

Results for the two skirt points (S1 and S2) on the core vehicle indicated no sig-
nificant sensitivity to area ratio, so the results show no area ratio effect. However,
the booster skirt is closer to the plumes than for the core vehicle configuration
analyzed, and the outboard engine spacing is closer. As a result, the booster rates
are higher and show a more significant shading effect as larger nozzles are used.

Cold wall convective heating rate and heat transfer coefficient plus base gas
recovery temperature are presented in Tables 3 through 8. Maximum convection
occurs on the center engine nozzle exit on the booster with the smallest nozzle
(A/A. = 35) as expected since the highest density reversed flow and more intense
recirculation are indicated. In general, the core vehicle convective heating is less
severe that the booster and has a shorter exposure to the recirculated flow. In-
creasing the nozzle exit ratio generally reduces the heating, although the reduction
is moderated by slightly earlier (lower altitude) recirculation since the nozzle ex-
its are in closer proximity. Base interior heating is more severe than peripheral -
heating as expected. Any significant change in geometry, engine arrangement, or
chamber condition could dramatically alter these results.
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Figure 2: ALS Booster Base Configuration (Assumed)
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ALS BOOSTER

Table 1: ALS Booster Incident Plume Radiation Rates (Btu/sq-ft-sec)
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Table 2: ALS Core Incident Plume Radiation Rates (Btu/sq-ft-sec)
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REMNMTECH ATTACHMENT 9.2 RTN 218-02

REMTECH TECHNICAL NOTE

TITLE: Addendum to RTN 218-01, “Preliminary Base Heating En-
vironments for a Generalized ALS LOj;/LH> Launch
Vehicle”

DATE: November 3, 1989

AUTHORS: Robert L. Bender and John E. Reardon

CONTRACT NO: NAS8-39141

PREPARED FOR: NASA/MSFC Induced Environment Branch ED-33

INTRODUCTION

Preliminary environments for multiple points located in the base of a gener-
alized ALS LO2/LH; launch vehicle were specified in REMTECH Technical Note
RTN 218-01, published October 19, 1989. Subsequent discussions with MSFC ED-
33 revealed a need to expand the environment determination to include additional

- locations on a “nacelle” type heat shield covering the engine power head as well as

a planar heat shield attached directly to the thrust frame. This addendum includes
these new environments in a format similar to the original publication.

ASSUMPTIONS AND GUIDELINES

The techniques and general methodology reported in RTN 218-01 were also
utilized in this study. Engine arrangement and spacing were unchanged, and gim-
baling was not considered. The environments were determined as a function of
altitude with separate analyses required for radiation and plume induced convec-
tion.
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CONFIGURATION AND BODY POINT SELECTION

The aft skirt and heat shield surrounding the engine nozzles which were con-
sidered in RTN 218-01 were removed for this later study. Individual nacelle heat
shields covering each engine power head were added to both the booster and core
elements as shown in Figs. 1 and 2. At the forward end of each nacelle, a heat
shield was added extending laterally throughout the base at the gimbal plane.

Body points at critical locations on the aft face and sidewall of the nacelle were
selected for the analysis. Additional body points on the base heat shield were also
selected which correspond closely to the previous heat shield locations (reported in
RTN 218-01) when the heat shield was further aft. These body points are. shown
on the booster and core schematics in Figs. 1 and 2, respectively.

RESULTS

As stated previously, radiation and convective base heating environments were
determined separately and are presented in tabular form as a function of altitude.
Separate environments were determined for the booster and core body points for
each of the three LO3/LH; nozzle area ratios of interest.

Predicted radiation rates for the Core and Booster vehicles are presented in
Tables 1 and 2 for the base heat shield (CD-11/13 and BB-11/13) and the aft end
of the nacelle (CP-11/14 and BP-11/16). Characteristics of the radiation will be
discussed briefly in the following paragraphs.

The heat shield in this configuration is rather far forward of the nozzle exits,
and it is shaded in some aspects by the nacelles. The peak point on the booster
heat shield is higher than on the core vehicle because it can view more plumes,
but as the radius of the heat shield location is increased, the booster rate drops
relative to the core vehicle because views to the booster plumes become restricted
by the relatively close spacing between outboard engines.

Radiation to the aft facing nacelle surfaces is slightly lower than previously
reported heat shield rates at the same station because the points are shaded by
being close to an engine nozzle. Radiation rates to the lateral facing surfaces of
the nacelle are generally low because of the poor view of the plumes.

Cold wall convective heating rate and heat transfer coefficient plus base gas
recovery temperature are presented in Tables 3 through 8. As expected, the aft
corner surfaces of the nacelle facing inboard or toward an adjoining engine receive
significant convective heating from reverse plume flow stagnation conditions. The
base heat shield is sufficiently forward that the heating is attenuated; especially

2
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since the removal of the aft skirt allows lateral relief from the reverse gases as
they penetrate forward into the base region. General trends previously noted in
RTN 218-01 are also evident in the new environments, i.e., core vehicle convec-
tive heating is less severe than the booster and has a shorter exposure time to
the recirculated flow. Also, base interior heating is more severe than peripheral
heating.
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Table 1: ALS Booster Incident Plume Radiation Rates (BTU/sq-ft-sec)

ALTITUDE (kFT)

BODY POINT

| 100

35 NOZZLE AREA RATIO

| 30 | 50

10

1

1.0

1
1
i

2.8
2.0

3.0

BB11

0.9
0.6

0.9

.1
2.2

BB12

.2 0.6

.1

BB13

1

1

2.8

5.5

BP11

0.5
1
0

0.5 0.5

0.8

.0
.1

1

BP12

.0
0.5

2.4 1

0.5

4.6

BP13

.5
0.8

0.8

1

BP14

.0
0.4

1

1.7
0.4

3.6

3.8
0.5

BP15

0.4

0.4

BP16

45 NOZZLE AREA RATIO

BB11

C.9
0.8

0.9
0.8

1.5
1

2.5
1

2.7
1

.2
.1

.8

1
1

BB12

0.6

0.6

2.0

BB13

0.9
0.4

.0
0.9

0.4
0.9

2.3 i
0.4

2.2
0.4

4.5
1

5.0
0.8

BP11

0.7
4.2

BP12

4.7
0
3

BP13

0.4
0.9

0.4
0.8

0.7
3.3

.8
.5
0.4

BP14

.6

BP15

0.3

0.3 0.3

0.4

BP16

60 NOZZLE AREA RATIO

0.7
0.7

0.5

0.6

0.6
0.4

1
1
1

2.3 2.2

1
1

BB11

.0

.5
.6

i
1

BB12

BB13

0.7

0.3
0.7

0.3
0.6

.9 0.8
0.3

1
0

4.0 3.6 1

0

BP11

0.3

0.5

BP12

.7
0.3

0.8

3.4
0.5

3.7
0

BP13

.3

BPi4

1.3
0.2

2.6

2.8

0

BP1S

0.2

0.2

0.3

.3

BP16
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Table 2: ALS Core Incident Plume Radiation Rates (BTU/sq-ft-sec)

BODY POINT ALTITUDE (XFT)
| o | 10 | 30 | 50 | 100 |

) CB11 2.4 2.7 2.4 1.9 1.2
CB12 2.8 2.9 2.4 1.7 0.9
CB13 6 3.6 2.7 1.7 0.5
CP11 3.6 3.6 2.7 1.7 0.9
CP12 1.0 0.8 0.5 0.5 0.5
CP13 3.7 3.8 3.2 2.2 0.9
CP14 0.7 0.7 0.5 0.4 0.4

CBit 2.3 2.5 2.3 1.7 1.1
CB12 2.6 2.7 2.3 1.6 0.9
CB13 3.4 3.4 2.6 1.6 0.4
CP1t 3.5 3.4 2.6 1.6 0.8
CP12 0.9 0.7 0.5 0.5 0.5
CP13 3.5 3.7 3.1 2.1 0.8
CP14 0.6 C.8 0.5 0.3 0.3

CB11 2.1 2.3 2.1 1.6 1.0
CB12 2.4 2.5 2.1 1.4 0.8
CB13 3.1 3.1 2.3 1.4 0.4
CP11 3.3 3.3 2.5 1.5 0.8
CP12 0.7 0.6 0.4 0.4 0.4
CP13 3.4 3.5 2.9 2.0 0.8
CP14 0.6 0.5 0.4 0.3 0.3



RTN 218-02

RENNTECH

£0-32b6°
Zu-3801L°
ZD-3¢2\ "
Z0-3G6S1°
Z0-3612°
Z0-3€87"
Z0-3nLe”
Z0-32L1°
€E0-3JEBL’
v0-3CER"
00+3000°

===~ a0 ™
SO NETMmNNN

Z0-3E44°
z0-3621°
Z0-3051 "
Zu-3/@1°
20-3292°
20-3vEL”
zo-30¢E”
zo-3821°
20-3v01 "
€0-3291°
00+3000°

E11)
Sid8

1vq Apog

0

Z0-3SEL° €
Z0-3161° 9°
Z0-39L41° 1°
Z0-3L1Z° 6
Z0-3L6Z° ¥
Z0-3Z0v° |\
Z0-3b6E" €
c0-3¢192° v
20-3401° S
€0-38¢Z° €
na+3000° 0

viSd 0GZZ

£0-3191° v°'n |
€V-360Z° S'n |
EN-39vZ° 90 |
£0-3G06° (0 |
£E0-380v° 6°0 |
€0-3IEPS” [} |
£0-3S¢S° 0t |
EO-3IvE" 9°0 |
€0-3061° z2'0 |
00+3000° 0’0 |
00:3000° 0’0 |
I

bIY] 0 ]
€199 14 4Apog |
Z0-30% " L€
20-30L1° ¢
Z0-361° 9'p
20-35v2° G°§
Z0-30vE" €°¢
Z0-39vv°  6°B
20-31Sv° £°8
Z0-360E° 1§
Z20-3191° £°2
ED-JEVE" »°D |
Q0+3000° 00 |

M 20
EldE :1d 4Apog
EFY 101 ITE ¥

N SE= ev/V

EOQ-3EVL”
£E0-36L2°
€0~-3GvE"
EQ-3ESY”
£E0-3219°
FO-390L°
E0-32€L°
€0-3v9p°
€0-3661°
00+3N00°
00+3000°

Scoc-~---3c0o

SMaeLomCIn®

-
-

20-3LSt° 8’
<0-3001° €
Z0-3212° 6
Z20-399Z° 0
Zo-3eLe” 0
20-39y° v
Z0-35¢Lv° 8°
9
L
S
0

Z0~-39¢€E"
Z0-3€81°
€N-391¢v°
0n+3000°

o 17} 20
2149 V4 Apng

- sBubuUl ZH1-207

A A LR XL R AN SN EE N TR L XX

#315000

SRR S A A R A R N RN TR

ONILYIH 3SvA JAL1IIANOD 1TVYM Q10D
WILSAS HINNYY O3DNVYAQY

¢ Iqey,

)

H-I8sS-714/118

wsS-714/018

.

€0-36v6°
L0O-309¢ "
vO-3€E9°
N0+3000°

e
=]
'
w
k)
~
QeerSViVMaDIT N~
-NteN

p1Y] b1y}
1198 fyd Apog

Z0-3041° 1w
20-3Z6L° 97y
20-3422° €°S
20-3Z62° 9°9
Z0-391lvy”- 8°8
Z0-360S8° Z°0l
L°6
[: )
L
9°'0
0°0

Z0-3€2S° )
20-301v"
Z0-3S€eL”
F£0-3€2S°
00 +3000°

M} 3D
1140 14 Apog

P04y 40§ SHpun
10D 104 sSjun

0062 . NS
5562 (L4
S6L2 ot
oL azi
0092 (LI}
S9vZ2 ot
0lez 1133
SZIZ (113}
0i61 D}
991 9
SN91 as
Coni}l

Y L ¥
11 LW

0062 05t
55682 ovit
56L2 VEL
oL 1A
0092 gt
S9v? DI
0lEL 06
- TA¥A (1]}
NDi6l 0L
0991 o9
5091\ AS
Ee el

o 1 X
11 L




4-INS-734/N18 24 40y Sypun
IRS-233/NLE 3D 404 SIpun

RTN 218-02

REMNMTECKH

€0-10L°  Z2'0 €0-3691 " E0-3GZE° 9°0 | 0U6Z 091

€E0-31v1° E€°0 €0~3612° £0-3€9€° 6°0 | On6Z 0%1

FO-3Z2L1° v'O €0-3292° €0-36Zb° 0" | SSAZ ov\

EO-3v61° §°0 £n-3c0¢€° €0-3206° Z2°1 SRLZ " oK

£E0-308BZ° 9°'0 €0-3£L€° £O-3GE9° v 01L2 0zt

£0-3GLE° 10 €0-3ERY” E0-3Z19° 11 0vaz 01l

€0-3L0v° @°0 £N-3509° | €0-38v6° 61 S9vZ noi

E0-30vv" 670 €0-3b¢9" Z0-3v0L° 0°Z 06€Z S6

€0-310v° (70 €0-3G65" €0-3966" @1 O\EZ 06

€0-3I6C° 6°0 DURE TR E0-36EL"  Z2°1 SzZ1Z 0na

£N-3G61° €0 £0-3v6Z° E0-396¢" ('O Ot61 ne

vo-34L8° 1O €0-30€¢ " €0-36SZ° ¢€'0 0991 09

00+3000° 0°0 N0+3000° €0-3801° 1°0 SAEN 0s

00+3000° 0°0 00+3000° 00+3000° 0°0 . | ov2i 14

Coel)l

pll] oy e l¥] pl1] 1Y) 20 H Vi
€194 '1d 4Apog z14a 'id Apog 1188 14 4Apog 4L 1Y

EN-3614° Bt | €N-3998° (°Z 20-3v0L° G2 20-391y° 8°2 20-361L° 6°Z | Z0-3L21° 1°g 0062 091
€0-3tvL" 81 £0-30€6° ¢°2Z JO-3Z1v 2 Z0-3€ZV" N°g 20-3821° (¢ 20-3LEL" €£°¢ 111114 0st
€E0-36Z8° 0°'2Z Z0-3v01° 5°Z 20-3921° 0°E 20-30k1° v'E 20-3tvL° S°F 20-3291° 6°€ SSAZ ov1
EV-3646° €°Z Z0-312v° B2 Z0-36b1° G'E Z0-30Ll° O'v Z0-36L1° Z'v 20-3661° L°¥ S6LZ ot
20-3pZ1° 8°2Z 20-31SL " o°E Z0-3581° v 20-3212° O’y 20-322Z° 0°S 20-39G2° LIS oLz oz
Z0-3891° 9°¢ Z0-3102° FE'v 20-3LvZ° €6 20-35L2° &°S 20-3892° Zz°9 Z0-3Z€EE"  1°¢L 0092 01t
20-3912° €°v 20-3€SZ° 'S Z0-311E" 279 Zo0-3lvE" 8°9 Z0-315€° Z°L Z0-306€° @8°¢ t-1:1 24 o0l
Z0-3822° vy Z0-3SLZ° €°S Z0-3ZEE” v°9 20-389€° 1"y 20-38LE° €L 20-360v° 8°L | 06€Z S8
Z0-3vZZ° 2°'v Z0-369Z° 0°S Z0-3vEE" 2°9 Z0-3v9€° L'9 T0-36LE° DL 20-3LIv" (¢ 01€2 06
Z0-30L1° B'Z 20-32tZ° S°E Z0-32LZ° S'¢ 20-360€E° 'S Z0-3€ZE° -G Z0-38LE" €£°9 szZi1z OR
Z0-3111° 9°y 20-3€v1”  1°Z Z0-3%61° @/°2 Z0-31EZ2° €°E 20-3SvZ° 9°¢ Z0-3S8Z° ¥ 0161 0L
€0-392S° 9'n €0-31¢L” 6°0 Z0-3E11° v Z0-38pl" 8"\ 20-38G61° 6°1 20-3681° €°2 0991 09
€ED-3912° Z°0 €0-35681° 2°0 E0-360€° F'0 €0-39bv" v'0 €0-3SvSs° S°0 E0-3.69° 9°'0 sgcl 0s
N0+3000° ©'D 0U+3000° ©'0 00+3000° 0°D 00+3000° 0©°0 00+3000° ©0°0 00+3000° 0°0 ovzi Sk
| | | ’ Eeell

b1Y) 20 | e 1Y 0 { e 11} 20 | p11] 20 k1T a0 1V 20 ) 14
9i18 :1d APoB | GidA 'y APog | pigl ‘14 Apog@ | E£1d@ !ig Apog Z1d8 14 Apog 1140 14 Apog 41 1Y

vISd 0SZZ =s8qweydd - seuyBul ZHT-201
0°Sb= ov/Y¥Y
L L T T Y T T Y Sy

4315008

LRA4 24332200000 000000 0

ONILY3IH 3SYB 3JATLDI3ANOD 1IYM 010D
WILSAS HONNYT O3INVAQY

b Iquy,



RTN 218-02

RENMTECH

| v0-301B° Z'0 | €0-3221°
' | vO-3v98" Zz°0 | €0-3iEL"
| €0-3804° €0 | £0-388)°
. €0-3LEL" E€°0 | €0-3vi2°
E0-3vLL° ©°0 | €0-3€LZ°
€0-3L2ZZ° $'0 | £0-3SEE”
€0-3662° 9°'0 | €0-3Inve"
€0-3LEE° 9°0 | EO0-3915°
€0-3LIE° 970 | ED-3i6Y"
€0-36SZ° v°0 | €0-3fiv"
€N-3281° E€°0 | £0-3StE”
€0-310t° 10 | e0-3¢et”
00+3000° 0°0 | 00+3000°
| 00+3000° 0°'0 | 00+3000"
| o0+3000° ©0°'0 | 00+3V00"
plV] 30 p1T]
€1aa@ 14 Apog z1€9 :1id
| eo-38vs" £°\ €0-3ZE9° G° EQ-396L° 6°1 €E0-3658° 1°Z €0-~32Z6"
| £0-3909° " €E0-311L° "0 EU-3588° 2°2Z €0-3066" v'2 Z0-3901°
| €0-3769° ("1 E0-39Z9° 0°2 Z0-3vutL°  §° g 20-3L11" 8°2 20-352Z1°
| €0-3908° 6"t €0-3066° E€£°2 Z0-3ZZ1° 6°2Z Z0-36E1° Z°¢ 20-3061°
E0-3186" Z°2 20-33ZV° L' Z0-36F1° p°E 20-3891° @8°¢ Z0-3v@1L”
Z0-3SZV° L' Z0-3LS1° v°'g Z0-3601° 0°b Z20-311Z2° S°b 20-3922°
Z0-329V° 7% Z0-3961" 6°'¢ Z0-398Z° L Z0-3192° 2°'s 20-35L2°
20-3181° 9'E 20-321Z° °v Z0-36SZ° 0°S Z0-3vr8Z"- S°'S 20-3562°
20-3¢8)° S°E 20-391Z° 0°v Z0-3€92° 6°¢ Z0-368Z° v'S 20-3%0¢°
Z0-3SS1° 9°2Z Z0-36L1° O°¢ Z0-39ZZ° @°¢ Z0-369Z° v z0-3.92°
Z0-3S41° 1 Z0-36EL° 0°2 Zo-3Lt 'z 20-3161° @92 20-350Z"
€0-359L° 6°0 €0-3Lb6° 171 20-3%11° v°1 z0-39Z1° g°1\ 20-3ZvL"
€0-32SE° €°0 €0-36¥Y° v'0 €0-361S° S°'0 €0-36€9° 9°D €0-NvL"
€0-38Z1° 1'n €0-356Z° 2°0 €0~300E° Z°'0 €0-32L€° €°0 €0-3005"
N0+3000° 0°0 | 00+3000° O©0°'0 00+3000° ©0'O0 N0+3000° 0°0 00+3000°
|
| =17} 0 =1V 20 1V} 20 b1V} 0 1Y)
| 91d8 :1g Apog Sida *id Apog vida :3id Apog €1dad tid Apog Zidg :id

YISd 0%ZZ =+eqweudd - seujBul ZH1-201
0°09= Wv/V
[ RS XX R 2R TN R YWY W rarerey

4315008

A AA R E L T L RN Y R WY WY

ONITLVIH 3SvYE IATLDIANOD 1YM 010D
WILSAS HINNYI Q3IDINVAGY

‘S IquL,

SQCoSNvNuA~ICARONNTM™
[=R-R-N-N-R-N-R N -F-F-N-N-N-J-1

CTrRPROVNOA~ANTT~NIOON
COO=MIVVNTTMMONN

20
Apog

Y=IBS-ZV)/N1G I 104 Syjpun
I9S-234/N1Q 20 10§ sIpun

'£0-3ZET° 9°0 0062 091
€0-32692° (0 0062 [) 11}
E0-392¢° 8°0 SSRZ | 0v
€0-3GRAE" 6°'D SKLT Ll
€0-3EbY" 0O° 012z 0zt
€0-3165" Z°1 ¢n9z ot
€0-391L° vt SovZ o
€0-3628" 9°t 06EZ 56
£0-360L° G\ 0lee 06
€E0-3vie: Z°1 LT A ¥ on
€E0-39€S” @80 LIT 172
€0-38S¢" v°'D 099t 09
€0-36€2° Z'0 S0€! ns
€0-39Z1° 170 ovZt St
N0+3000° 00 S6N1 ne

Ceelll
b17] M '] LI}
11699 t3yd 4Apog 41 1w
TO-0L° g2 0062 091
£0-3%11° @°'2 0062 0s1
Z0-3S€L” 2°'¢ :1-1:}4 ovi
Z0-3Z91° @§°'¢ GS6L2 (114}
Z0-3L61" PV oLz 0z
Z0-35vZ° I1°S 009z LN
20-3S6Z° 6°'S Sov2 0ot
20-31Ze” Z2°9 06€2 6
Z0-3Z€€" 1°9 olez 06
20-3L6Z° O0°'S sZiz [+]:}
20-36ZZ° €'t otet oL
Z0-3691° 0°2 0991 09
€0-36v6° 6°'0 SAEL 0s
€0-3929° <0 ovezl St
00+3000° 0°'0 S601 ov
Cee
BT k)] ¥ 1 ¥}
1140 !3d 4Apog T 1



RENMTEC H RTN 218-02

Table 6:

ADVANCED LAUNCH SYSTEM
COLD WwWALL CONVECTIVE BASE HEATING

LT PR YT REYI TR Y EEEEEE  L L

"CoRE

P L T T T A R
A/a®* =235.C

L02~-LH2 Engines - Pchampersz 2250 PSIA

ALT T- | Boagy Pt: C®1! | Bogy Pt: CP12 | Bogy Pt: CP!3 | Booy Pz: CP'4 |
fe R | Qc . nre | Oc ne | Qc ne ] Oc ne
10°23 I ! ] |
86 2240 | 0.0 .Q00E+0C | 0.0 .000£-00 | 0.0 .000E-00 | 0.0 .OOCDE-OO0 |
20 2310 | 1.4 .7335-02 | 0.8 .435£-03 | 0.5 L275E-03 | 0.3 .158E-03 |
95 2390 | 3.4 _176E-02 | 2.5 .130€-02 | 1.6 .8295-03 | 1.1 .370€-03 |
100 246S | 5.5 .276-02 | 4.5 . 223€-02 | 2.9 .t1asz-Q2 | 2. .103E-02 |
105 2835 | 6.3 .304E-02 | 5,7 .278E-02 | 4.1 L188E-02 | 3.3 .182E-02 |
108 275 | 6.4 ,303E-02 | 5.9 .279E-C2 | 4.3 .203E-Q2 | 3.T .1738-02 |
110 2600 | €.3 .296E-02 | 5.8 L271E-02 | 4,2 .1962-02 | 3.6 .1882-02 |
115 2655 | 6.1 .278E-02 | 5.5 L2S51E-Q2 | 4.1 .187E-02 | 3.5 .1828-02 |
120 2710 | 5.5 .246E-02 | 4.9 (219E-02 | 3.6 .160E~0Q2 | 3.2 .1a428-02 |
130 2795 | 4.6 .1972-02 | 4,2 LV79E-C2 | 3.1 . 1348202 | 2.6 .113E-02 |
140 2853 | 3.9 .165&-02 | 3.6 .152E=02 | 2.7 L1138-02 | 2.3 .947E-03 |
150 2900 | 3.5 .1428-02 | 3.2 .130€-02 | 2.4 .980£-03 | 2.0 .802e-03 |
180 2900 | 3. L1278-02 | 2.8 L118E-02 | 2.1 .8748-03 | 1.7 J7W1E-03 |
170 2900 | <.8 .114€=-027 | 2.5 .103e-02 | 1.9 .7B28-03 | 1.5 .§30e-02 |
180 2900 | 2.6 .105£-02 | 2.3 .933€-023 | 1.7 LT7128-03 | 1.4 ,S5T1E-03 |
ALT Tr | Bogy Pt: C311 | Boay Pt: €812 | Bogy P2: CB313 |

ft R Qc ne Q¢ ne | Qc ne

10=*3 | ! |

a8 2240 | ©.0 .000£~-00 | 9.0 .Q00E-00 | 0.0 .000E~-QO0 |

a0 230 | 0.2 .B!1E-Q4a | 0.} .54tE-0a | 0.1 .5a's-0a |

95 23%0 | 0.5 .259-03 | 0.2 .154£-03 | 0.2 . 1042-03 |

100 24635 | 1.0 .5082-03 | c.7 .329€-03 | 0.4 .1888-03 !

108§ 2535 | . 1.5 LT47E-Q2 | 1.0 .4825-02 | 0.6 .2632-03 !

108 2578 | 1.7 .8Q4E-03 | 1.2 .567E-03 | 0.7 .3312-03 |

110 2600 | 1.6 .7312-03 | L .498E-03 | 0.8 .2522-03 |

118 2655 | 1.5 .8683E-03 | 1.0 .4%82-03 | 0.6 .273E-03 |

120 2710 | 1.3 .%91£-02 | 0.2 .38682-03 | 0.5 .216E-03 |

130 2798 | 1.1 .480E-03 | 0.7 .315€-03 | 0.4 ,1625-03 |

140 2855 | 1.0 .4128-03 | 0.6 .252%-01 | 0.3 L129E-03 |

150 2900 | 0.8 .340£-C3 | 0.5 ,224£-C3 | 0.3 .109%-03 !

160 2900 | 0.7 .306&-C3 | C.5 .'962-03 | 0.2 .9%3E-0a !

17 2900 1 0.7 .273E-02 | 0.4 .1852€-¢3 | 0.2 .B895%-04 |

80 2900 | 0.5 .2%8&-03 | 0.3 .140E-C3 | 0.2 .7722-04 |

unfts %for Qc: 3TU/*t2-~-saC
units for nc: BTU/ft2-sec-?
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RENMTECH

RTN 218-02

Table T:

ADVANCED LAUNCH SYSTEM
COLD wallL CONVECTIVE BASE HEATING

CORE
£
B P e

A/A® =245 0

LO02-LH2 Engines -~ Pchamper=z 2250 PSla

ALT Tr | Booy P2: CP'1 | Bogy P2: CPt2 | Bocy Pt: CP13 | Bocy P2:: CP14 |
fe R ] Qe e ] Qc ne | Q¢ ne | Q¢ he |
10e*3 ] ] | l
80 2145 | 0.0 .QCQE-0C | 0.0 .OCOE«00 | 0.0 .COQE-00 | 0.0 .0O0CE-0QO0 |
as 2220 | 1,2 .6828-03 | ',0 .568E-03 | 0.7 .398E-03 | 0.5 .284E-03 |
80 2310 | 3.0 .1618-02 | 2.4 ,128E-02 1.7 .906E-03 | 1.3 .704E-02 |
95 2390 | 4.8 .249E-02 | 4.1 .2128-02 2.9 .150E-02 | 2.2 .11 7E-02 |
100 2465 | 5.8 .2872-02 | 5.3 .2642-02 3.7 .187E-Q2 | 3.2 .158E-02 |
103 2510 | §.9 .28BE-02 | §.4 ,263E-02 4.0 .(19SE-Q2 3.3 L161E-C2 |
110 2600 | 5.7 .267E-02 | 5.2 .244E-02 | 3.8 .178E-02 3.2 .149€E-02 |
120 710 | 5.1 .2268~02 | 4.6 ,2C3&-02 3.3 .145E-02 2.7 LJA2VE-02 |
130 2795 | 4.3 ,182zE-02 | 3.9 .163E-02 2.8 .118€-02 2.3 .997t-03 !
140 2085 | 3.6 .152£-02 | 3.4 ,14812-02 2.4 ,101E-02 2.0 .843€-03 |
150 2900 | 3.2 .1328-02 ] 3.0 .1228-C2 2.2 .B9OE-DP3 | 1.8 .727E-03 |
160 2900 | 2.9 .1189E-02 | 2.7 .V10E-02 2.0 .800E-03 1.6 .658E-03 |
170 2900 | 2.6 .108%5-02 | 2.4 ,100E-Q2 1.8 .726E-03 1.5 .605&-03 |
180 2900 | 2.4 _100€-02 | 2.3 .9268-03 | 1.7 .678E-03 1.4 ,588E-03 |
ALT Tr | Boay Pt: €311 | 8eay Pt: €812 | B8ody P:: €313 |
LE R | Qc ne | Qc ne | Q¢ ne |
10e*3 ] | | i
80 2145 | 0.0 .00CE-0C | 0.0 .0QQE-00 | 0.0 .000E-0Q0 |
a8s 222¢ | 0.2 L.114E-03 | 0.1' .S68E-04 | 0.0 .COOE-CO ;
90 23101 0.7 .3718-C3 | 0.4 .218E-Q3 | 0.2 1358-03 |
a5 2390 | 1.v .S96E-03 | 0.7 .363E-03 | 0.5 259€-03 |
100 2485 | 1.6 .T78E-03 | 1.0 .483E-03 | 0.6 .323E-03 |
103 2510 | 1.7 .B29E-Q3 | 1.2 .885£-03 | 0.7 3378-03 |
110 2600 | 1.5 ,722€-~03 | 1.0 ,446E-03 | 0.6 .3028-03 !
120 2710 | 1.3 .567%-03 | 0.8 .37TE-Q3 | 0.5 .218E-03 |}
130 279% | 1.0 .4J€E-03 | O©.7 .319%-03 | 0.4 .161E-03 |
140 2855 | 0.9 .3862-03 | 0.6 .2472-C3 | 0.3 .1248-03 !
150 290¢ | 0.8 .347E-C3 | 0.5 .2008-03 | 0.3 .106E-03 |
180 2900 | 0.7 .274E-03 | 0.4 ,179%E-03 | 0.2 .B95E-Qa |
170 2900 | 0.6 .247E-03 | 0.4 .168%2-C3 | 0.2 .B40E-Q4 |
180 2900 | 0.8 .257%-03 | Q.4 .173E-C3 ] 0.2 .T31E-04 !
units for Qc: B8TU/*t2-s0ecC
units *for Nc: BTU/ft2-sec-R
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RENMTECH RTN 218-02

Table 8:

ADVANCZD LAUNCH SYSTEM
COLD wALL CONVECTIVE BaSE HEATING

0.600‘-.‘.‘0000‘0.0..-00-0
CORE
P P YT TR L L L 2 L X 3 2 XX & X & 4
A/A* 260.C
LO2-LH2 Engines = Pchampers= 225C PSIa

ALT Tr | Bogy Pt: CP11 | Boay Pt: CP1Z | 300y ©:: €2'3 | Bocy Px: CP14 |
fe R Q¢ ne Qc ne J Q¢ ne Qc ne
103 I ]
70 o| 0.0 .000E«Q0 | 0.0 .0OCE-0O0 | 0.0 .,000%-00 | 0.0 .000E-00 |
80 212§ | 1.5 .903E-03 | 1.2 .T1wiE-03 | 0.9 .512E-03 | 0.8 ,389E-03 |
8S 2220 | 2.6 .14BE-02 | 2.2 .12%&-c2 | 1.6 .909E-C3 | 1.2 .7:1CE-03 ]
90 2310 | 4.t ,22t18-02 | 3.3 .179e-p02 | 2.4 .1328-C2 | 2.0 .1082-02 |
95 2390 | s5.2 .2728-02 1 4.6 .238g5-02 | 3.3 .,171E-C2 2.9 .1428-327 |
150 2465 | 5.5 ,2758-02 ] 5.t ,254E-02 [ 3.7 .1Bé=-02 3.2 . 8CE-C2 |
108 2535 | S5.4 ,2608-62 ] S.0 .2412-02 | 3.6 .1722-02 3.1 .tae=z-C2 |
110 2600 | S.t ,2395-62 1} 4.7 ,217E-02 | 3.4 .189E-02 | 2.9 .1382-02 |
120 2710 ] 4,4 .195z-02 | 4.0 .177E-02 | 2.9 .12BE-02 | 2.4 .109E-02 |
130 2795 | 3.B .182E-02 | 3.4 ,14BE-02 | 2.5 .1052-C2 2.1 .8915-03 |
140 2855 | 3.3 .138%-02 | 3.0 .1278-02 | 2.V .B962-03 1.8 .7472-03 |
150 2900 | 3.0 .12'E-02 | 2.7 .112€8-02 | 1.9 .7872-03 1.6 .640E-03 |
160 2000 | 2.7 .1095-02 | 2.4 _997E-03 | 1.7 .709%-03 1.4 .5788-03 |
170 2900 | 2.4 .977E-03 ] 2.2 .914E-03 | 1.6 .653=-C3 | 1.3 .527E-C3 |
180 2900 | 2.2 .889E-03 | 2.0 .837=-03 | 1.5 .6067E-03 | 1.2 .5022-33 |
ALT Tr | Body Pt: CS811 | Body Pt: CB12 | Bogy Pt: 2B:3 |
fe R | Qc he Qc he ] Qc c ]
10°*3 i ]
70 o! 0.0 .0005+0C | 0.0 .0008+00 | 0.0 .0COE-0O0 |
80 2128 | 0.3 .1822-03 | 0.2 .,1212-03 | 0.1 .823:2-04 |
8% 2220 | 0.8 .347E-03 | ©0.& ,227E-03 ] 0.2 .11a2-03 |
90 2310 | 1.0 .5452-03 | 0.5 .321£-03 | 0.4 ,2072-03 |
95 2390 | 1.3 .8748-03 | 0.8 .4152-03 | 0.5 .2592-33 |
100 2465 | 1.5 ,748E-03 | 1.0 .4945-Cc3 | .0.6 .299%-C3 |
128 2535 | 1.4 .B67SE-03 | 0.9 .434€-03 | 0.5 .24%2-03 |
110 2600 | 1.3 .817E-03 | 0.9 .4C8E-03 | 0.5 .229%-23 |
120 27106 ] 1.1 ,47%2-03 | 0.8 .338=-03 | 0.4 .1722-03 |
130 2795 | 1.0 .479€-03 | 0.7 .283E-03 | 0.4 ,1532-03 |
140 2855 | 0.9 .373£-03 | 0.6 .25%£-03 | 0.3 .%117E-03 |
150 2900 | 0.8 .32%2-03 | 0.5 .22'5-03 | 0.3 .1115-03 |
160 2900 | 0.8 .2%392-€3 | 0.5 .196E-03 | 2.2 .966%2-0a |
170 2900 | 0.5 .239€-03 | 0.4 ,168E-G3 | 0.2 .820%-Ca |
180 2000 | 0.5 .2358-03 | 0.4 _1568-03 | 0.2 .884%Z-04 |

units for Qc: 8TU/f22-s0C
units for he: BTU/Ft2-sec-R
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Figure 1: Booster Locations Selected for Base Heating Analysis



RENMTEC H ' RTN 218-02

Figure 2: Core Locations Selected for Base Heating Analysis
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RENMTECH RTN 218-01

Table 1: ALS Booster Incident Plume Radiation Rates (Btu/sq-ft-sec)
ALS BOOSTER

INCIDENT PLUME RADIATION RATES (Btu/sg-ft-sec)

35 NOZZLE AREA RATIO

I a» a5 - . -y Sh ab E s A b e r --------------------------------

BODY POINT ALTITUDE (kFT)

o ! 10 | 30 ! s0 ! 100

BB1 7.0 6.6 4.8 2.5 1.3

BB2 7.0 6.6 4.8 2.5 1.3

BB3 7.9 7.4 4.5 2.3 0.7

BN1 21.0 18.0 11.7 9.2 7.0

BN2 10.5 9.0 4.5 3.5 3.0
) _ BS1 13.4 12. 6.2 4.2 1.6
Y, BS2 3.7 3.3 1.5 0.8 0.6

45 NOZZLE AREA RATIO

BODY POINT ALTITUDE (kFT)

o | 10 | 30 |} 50 | 100

BBl 6.4 6.1 4.1 2.2 1.3

BB2 6.8 6.4 3.7 1.9 1.1

BB3 6.8 6.4 3.7 1.9 1.1

BN1 28.0 24.0 12.0 8.5 6.0

BN2 14.0 12.5 4.9 3.5 3.0

BS1 13.4 12.0 6.2 4.2 1.6

BS2 3.7 3.3 1.5 0.8 0.6

14
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